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Another problem which we encounter when ye attempt to compare models Is that not all
models are defined at the same level. For example, hierarchical and network models include
numerous implementation details. The relation model does not include any inter-relation
constraints. Although some real-world constraints are captured by functional, multi-valued, and
other dependencies, no systems represent these constraints except the functional dependencies
that result form the primary keys of relations. The entity-relationship model is claimed to be a
real-wcrld model, rather than an information structure model, as are semantic and binary
rclationship models - does that imply these models cannot or should not be used for database
implementation?

In this thesis, we are concerned with data models at the information structure level, rather
than at thereal-world semantic level. However, we want the information structure data model
that we use to be able to capture many of the semantic concepts of the real-world that it models,
as well as to support a query language which is close to the way users perceive the real-world to
be organized (to a certain extent). Hence, our first task is to define the real-world semantics that
we want to correctly represent in our model.

In Chapter 2 of the thesis, we define the real-world concepts we want to model. The concepts
in this chapter are mostly from the literature of the semantic database models, and include the

majority of concepts discussed therein. For each concept discussed, we will specify the origin (as
far as we know) of that concept. The characterization of structural properties of relationships in
Section 2.2 though is partly our own. The real-world concepts presented in Chapter 2 can also
be used as a basis for comparing the representational powers of various models, although we do
not attempt to compare models in this thesis.

Next, in Chapter 3, we discuss the information structure model that we use in this thesis, the
Structural Model. The structural model is based upon the relational model. The main extension
to the relational model is the concept of logical or 5tructural connections between relations. The
connections are used to represent structural properties in relationships as well as subclass
concepts, which we will discuss in Chapter 2. The ideas behind this model. originated from the
model in Wiederhold, Chapter 7. However, the formal definitions are our own.

Connections are also used to define a simple, object-oriented language for query and update
specification which is independent from the model structure to some e.xtent. The language
structure is quite simple, and we believe consistent with our desire for a high-level languaga that
matches user expectations of the real-world (although we cannot prove this). We present the
Structural Model Query Language (SMQL) in Chapter 4, as well as the language used for
defining a structural model for a user, the Structural Model Definition Language (SMDL).

In Chapter 5, we show how the structural model can correctly represent the real-world
concepts discussed in Chapter 2, using the small set of concepts of the model (domains, attributes,
relations, and connections). The simplicity of the relational model is maintained to a certain
extent, since the only additional concept introduced is that of connections. As we shall see, the
value of these connections is twofold. First, they are used to represent the structural properties of
relationships in the model. Second, they allow us to define the query language by giving names
to the connections in both directions. A third advantage, no concered with modelling, but just as
important, is that system implementors are aware of these logical connections, and can refer to
them during file and access path implementation. The implementors are also made aware of the
structural constraints specified by the connections, so they can consider efficient methods of
checking these constraints. This is not possible if these constraints are defined in a general
integrity assertion subysystem, separately from the model as in a generalized relational system.

The structural model also allows us to integrate different user data models to form an
integraged database model which correctly supports the different user models. This allows the
three-level database management system architecture discussed in Section 1.3. Data model
integration, or view integration, has recently been discussed as a possible improvement on the
traditional method for logical database design. However, integration has not been considered in
detail. This thesis is the first attempt to examine the way in which data models can differ, and to
discover methods to integrate the data models of different users. We will discuss data model
integration in Chapter 6.

Finally, we give our conclusions and directions f r f
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In spite of the large number of data models that have been proposed, no consensus exists
about what concepts are really important for data modelling. Presentations of the various
models cite the advantages of their approach, and discuss what the model best can represent.
The advantages cited vary widely, and are usually very difficult to measure. How can we
measure advantages of different approaches when they include ease of representation, ease of
implementation, naturalness of expression, power of query language, non-procedurality of query
language, expression of structural constraints, efficiency of Implementation, formal foundations,
support of existing implemented models, ... etc?

Another problem which- we encounter, when we attempt to compare models is that not all
models are defined at the samd-level. For example, hierarchical and network models include
numerous implementation details. The relation model does not include any inter-relation
constraints. Although some real-world constraints are captured by functional, multi-valued, and
other dependencies, no systems represent these constraints except the functional dependencies
that result form the primary keys of relations. The entity-relationship model is claimed to be a
real-world model, rather than an information structure model, as are semantic and binary
relationship models - does that imply these models cannot or should not be used for database
implementation?

-. l this thesis, we-M concerned with data models at the information structure level rather
than at the real-world semantic level. However, we want the information structure data model
that we use to be able to capture many of the semantic concepts of the real-world that it models,
as well as to support a query language which is close to the way users perceive the real-world to
be organized (to a certain extent). Hence. our first task is to define the real-world semantics that
we want to correctly represent in our model.

In Chapter 2 of the thesis, we define the 'el)-world concepts we want to model The concepts
in this chapter are mostly from the literature of the semantic database models, and include the



majority of concepts discussed therein. For each concept discussed, we will specify the origin (as
far as we know) of that concept. The characterization of structural properties of relationships in
Section 2.2 though is partly our own. The real-world concepts presented in Chapter 2 can also
be used as a basis for comparing the representational powers of various models, although we do
not attempt to compare models in this thesis.

Next, in Chapter 3, we discuss the information structure model that we use in this thesis, the
Structural Model. The structural model is based upon the relational model. The main extension
to the relational model Is the concept of logical or structural connections between relations. The
connections are used to represent structural properties in relationships as well as subclass
concepts, which we will discuss in Chapter 2. The ideas behind this model originated from the
model in Wiederhold, Chapter 7. However, the formal definitions are our own.

Connections are also used to define a simple, object-oriented language for query and update
specification which is independent from the model structure to some extent. The language
structure is quite simple, and we believe consistent with our desire for a high-level language that
matches user expectations of the real-world (although we cannot prove this). We present the
Structural Model query Language (SMQQ.) in Chapter 4, as well as the language used for
defining a structural model for a user, the Structural Model Definition Language (SMDL).

In Chapter 5, we show how the structural model can correctly represent the real-world
concepts discussed in Chapter 2, using the small set of concepts of the model (domains, attributes,
relations, and connections). The simplicity of the relational model is maintained to a certain
extent, since the only additional concept introduced is that of connections. As we shall see, the
value of these connections is twofold. First, they are used to represent the structural properties of
relationships in the model. Second, they allow us to define the query language by giving names
to the connections in both directions. A third advantage, no concered with modelling, but just as
important, is that system implementors are aware of these logical connections, and can refer to
them during file and access path implementation. The implementors are also made aware of the
structural constraints specified by the connections, so they can consider efficient methods of
checking these, constraints. This is not possible if these constraints are defined in a general
integrity assertion subysystem, separately from the model as In a generalized relational system.

The structural model also allows us to integrate different user data models to form an
integraged database model which correctly supports the different user models. This allows the
three-level database management system architecture discussed In Section 1.3. Data model
integration, or view integration, has recently been discussed as a possible improvement on the
traditional method for logical database design. However, integration has not been considered in
detail. This thesis is the first attempt to examine the way In which data models can differ, and to
discover methods to integrate the data models of different users. We will discuss data model
integration in Chapter 6.

Finally, we give our conclusions and directions for future work in Chapter 7.

This thesis was submitted to the Department of Computer Science and the Committee on
Graduate Studies of Stanford University in partial fulflllmnt of the requirements for the degree of
Doctor of Philosophy.
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contained in this document art those of the authors and should not be interpreted as necessarily
representing the official policies, either expressed or implied, of Stanford University, or any agency
of the U. S. Government.
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